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ABSTRACT 
A new vacuum package i n c o r p o r a t i n g  a  t i t a n i u m  b u l k  s u b l i m a t o r l i o n  pump 
combinat ion has been designed, b u i l t ,  and i n s t a l l e d  on a  t y p i c a l  150 k i l o -  
v o l t  neu t ron  genera to r .  The s u b l i m a t o r / i o n  pump system prov ides  the  f o l  low- 
i n g  o p e r a t i n g  advantages: ( 1 )  most o f  t he  t r i t i u m  re leased  f rom the  t a r g e t  
d u r i n g  deuteron bombardment i s  permanent ly b u r i e d  i n  the  sub l ima to r  chamber 
w a l l s  as t i t a n i u m  t r i t i d e ;  (2)  a  r o u t i n e  pump-down t ime o f  30 minutes f rom 
atmosphere t o  t o r r  i s  ob ta ined ;  (3)  t he  vacuum system i s  a b l e  t o  handle  
l a r g e  a c t i v e  gas loads because o f  i t s  h i g h  pumping capac i t y ;  (4) neut ron  
- r; 
genera to r  o p e r a t i n g  p ressure  may be v a r i e d  between l o m 7  t o r r  and 10 ' t o r r  
by a d j u s t i n g  r a t e  o f  sub l ima t i on .  
INTRODUCTION 
The i n c o r p o r a t i o n  o f  a  t i t a n i u m  b u l k  sub l ima to r  i n  combinat ion w i t h  an 
i o n  pump i n  a  smal l  a c c e l e r a t o r  vacuum system can reduce t he  t r i i t i u m  hazard 
assoc ia ted  w i t h  a c c e l e r a t o r  maintenance and opera t ion ,  p r o v i d e  major  advantages 
i n  pumping performance and improve system r e l i a b i l i t y .  Th i s  vacuum concept 
was o r i g i n a l l y  developed f o r  a  300 k i l o v o l t ,  15 m i l l i a m p e r e  p o s i t i v e  ion  
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a c c e l e r a t o r  designed p r i m a r i l y  f o r  the  p roduc t i on  o f  neut rons . Because bo th  
h i g h  gas loads and t r i t i u m  t a r g e t s  were invo lved,  h i g h  pumping speed c a p a b i l i t y  
and minimum maintenance were pr ime requi rements  f o r  the  vacuum syseem o f  t he  h i g h  
c u r r e n t  a c c e l e r a t o r .  As a  d i r e c t  r e s u l t  o f  the  success fu l  demonst ra t ion o f  sub- 
l i m a t i o n / i o n  pumping i n  t he  300 k i l o v o l t  machine, and because o f  the  i n t e r e s t  
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expressed by many people  i n  see ing t h i s  technique adapted t o  a  low c u r r e n t  
generator ,  the  Lewis Research Center i n  coopera t ion  w i t h  t h e  Food and Drug 
A d m i n i s t r a t i o n ' s  Bureau o f  R a d i o l o g i c a l  H e a l t h  decided t o  demonstrate the  
bas i c  advantages o f  t h i s  t ype  o f  vacuum system when a p p l i e d  t o  a  t y p i c a l  150 
k i l o v o l t  genera to r  o f  t he  t ype  found i n  many research and p roduc t i on  f a c i l i t i e s .  
T h i s  r e p o r t  desc r ibes  t he  r e s u l t s  o f  t h e  f i r s t  phase o f  t h i s  program. 
The requi rement  f o r  a  h i g h  neu t ron  y i e l d  has l ed  many i n v e s t i g a t o r s  t o  
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use t h e  T(d,n) He r e a c t i o n  t o  produce f a s t  neu t rons .  Because t r i  t i um  decays 
by beta emission, w i t h  a  h a l f - l i f e  o f  over  12 years, neu t ron  genera to r  system 
con tamina t ion  can prove t o  be bo th  a  b i o l o g i c a l  hazard and a  maintenance n u i -  
sance r e q u i r i n g  s t r i c t  hand l i ng  procedures.  
Severa l  pump c o n f i g u r a t i o n s  were cons idered f o r  genera to r  use be fo re  a 
s a t i s f a c t o r y  system was evolved. The use o f  an o i l  d i f f u s i o n  pump in t roduced  
t h e  p o s s i b i l i t i e s  o f  hydrocarbon con tamina t ion  o f  t he  t r i t i u m  ta rge t ,  low pump- 
i n g  speed t o  volume r a t i o ,  p o s s i b l e  t r i t i u m  con tamina t ion  o f  t he  o i l  and t he  
n e c e s s i t y  o f  a  c r y o - b a f f l e .  A g e t t e r - i o n  pump posed t h e  problems o f  thermal 
2  i n s t a b i l i t y  which r e s u l t s  f rom re-emiss ion o f  absorbed deuter ium o r  t r i t i u m ,  
r epa i  r problems because o f  t r i  t i  um con tamina t ion3  and reduced 1 i fe t i rne be- 
cause o f  h i g h  deuter ium gas- load requi rements .  These known pump d i f f i c u l t i e s  
combined w i t h  t h e  f a c t  t h a t  h i ghe r  beam c u r r e n t s  would o n l y  aggrevate the  p ra -  
blems a l r eady  present,  l ed  t o  t he  cho i ce  o f  sepa ra t i on  o f  t h e  pumpeng f u n c t i o n s .  
Namely, t he  use o f  a  smal l  i on  pump t o  handle  t h e  i n e r t  gases and hydrocarbons 
which r e s u l t  f rom normal ou tgass ing  and a  t i t a n i u m  b u l k  sub l ima to r  t o  pump 
the  l a r g e  a c t i v e  gas load d u r i n g  genera to r  o p e r a t i o n  and pumpdown from a t -  
mosphere. 
Vacuum System f o r  150 K i l o v o l t  Neutron Generator 
A 150 k i l o v o l t  neu t ron  genera to r  o f  t he  t ype  w i d e l y  used i n  research 
and shown i n  f i g u r e  1 was m o d i f i e d  by removing t h e  140 l i t e r / s e c  i on  pump 
and r e p l a c i n g  i t  w i t h  a  sub l ima t i on / i on  pump vacuum system as shown i n  
f i g u r e  2.  W i t h  t he  excep t i on  o f  t he  a d d i t i o n  o f  a  double ga te  va l ve  t o  a l l o w  
changing t he  t a r g e t  w i t h o u t  loss  o f  genera to r  vacuum, t he  phys i ca l  s i z e  o f  
t h e  new system i s  about t he  same as t h e  one i t  rep laced.  The genera to r  i on  
beam passes through t he  sub l ima to r  chamber on t h e  way t o  t h e  t a r g e t ,  Opera- 
t i o n  o f  t h e  sub l ima to r  w h i l e  t h e  beam i s  on does n o t  e f f e c t  genera to r  perfor i l l -  
ance i n  any way. Two l i q u i d  n i t r o g e n  coo led  s o r p t i o n  t ype  pumps a re  used i n  
p l a c e  o f  a  mechanical  roughing pump. The use o f  these s o r p t i o n  pumps a l l o w  
c o n t r o l l e d  v e n t i n g  o f  any t r i t i u m  desorbed f rom the  genera to r  vacuum sur faces  
d u r i n g  pumpdown from atmosphere. F i g u r e  3 shows a  c lose-up view o f  t he  water  
coo led  sub l ima to r  chamber w i t h  t h e  sub l ima to r  mounted on t he  bottom and t h e  
smal l  1 1  l i t e r / s e c o n d  h i g h  throughput  water -coo led i on  pump. 
Sub l imat ion  Pumpinq 
A comprehensive p r e l i m i n a r y  e v a l u a t i o n  was conducted t o  determine which 
o f  severa l  types o f  sub l ima t i on  pumps would be most advantageous f o r  neu t ron  
genera to r  o p e r a t i o n .  A w i r e  fed and a  rod  type, bo th  depending on e l e c t r o n  
bombardment f o r  heat ing,  as w e l l  as r e s i s t a n c e  heated sub l imato r ,  were i n v e s t i -  
gated.  The acceptance c r i t e r i a  were h i g h  r e l i a b i l i t y ,  h i g h  p ressure  s t a r t  capa- 
b i l i t y ,  ease o f  o p e r a t i o n  and h i g h  t i t a n i u m  c a p a c i t y .  The u n i t  foand most 
accep tab le  and commerc ia l ly  a v a i l a b l e  c o n s i s t s  o f  a  ho l l ow  sphere o f  t i t a n i u n -  
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w i t h  an i n t e r n a l  r e s i s t a n c e  heated element.  The head o f  t he  u n i t  c o n t a i n i n g  
t he  sphere i s  shown i n  f i g u r e  4. The hea t i ng  element r a d i a t e s  up t o  750 w a t t s  
o f  power t o  t h e  sphere caus ing t he  o u t e r  su r f ace  t o  sub l ime on t o   he sur round ing  
water-coo led subs t ra te .  The sphere con ta i ns  35 grams o f  usab le  t i t a n i u i n  and 
t h e  sub l ima t i on  r a t e  i s  v a r i a b l e  f rom 0.01 t o  0.5 grams/hour. F i g u r e  5 shows 
a  v iew t h r u  a  s i d e  p o r t  o f  t h e  ho l l ow  sphere a t  o p e r a t i n g  temperature (1"-150005) 
and sub l im ing  a t  0.5 grams/hour. The subl imed t i t a n i u m  combines w i t h  t he  a c t i v e  
gases t o  form s t a b l e  s o l i d  compounds on t he  sub l ima to r  chamber w a l l s ,  I n  t h i s  
way t he  subl  imator  pumps t h e  h i g h  gas loads d u r i n g  pumpdown f rom IO-' t o r r  and 
d u r i n g  a c c e l e r a t o r  ope ra t i on .  
The hydrocarbons and i n e r t  gas load i s  pumped by an 1 1  l i t e r / s e c o n d  h i gh -  
throughput  wa te r -coo led  i on  pump. 
Opera t inq  C h a r a c t e r i s t i c s  
F i g u r e  6 shows a  t y p i c a l  pumpdown c y c l e  f o r  t h e  neu t ron  genera to r  using 
two s o r p t i o n  pumps and t h e  s u b l i m a t o r / i o n  pump system. I t  i s  r o u t i n e  t o  go 
f rom atmosphere t o  8 x  t o r r  i n  30 minutes o r  l ess .  One s o r p t i o n  pump takes 
t h e  system f rom atmosphere t o  about 1 x  t o r r .  The f i r s t  s o r p t i o n  pump i s  
c losed  a f t e r  about 4 minutes.  The second s o r p t i o n  pump i s  then opened and t he  
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subl  imator  tu rned  on ( t h e  sub l  imator  can be tu rned  on up t o  2  x 10 t o r r ) .  
A f t e r  some i n i t i a l  ou tgass ing  o f  t he  sub l ima to r  and when t he  p ressure  decreases 
t o  between 5  x l o m 4  and 2  x t o r r ,  t h e  second s o r p t i o n  pump is c losed  and 
the  i o n  pump i s  tu rned  on. 
F i g u r e  7a shows a  t y p i c a l  pumpdown and o p e r a t i n g  c y c l e  f o r  t h e  neu t ron  
p e r a t o r  w i  t h  t he  sub l  imator  o p e r a t i n g  i n  a  ba tch  mode ( d e p o s i t i n g  a l a y e r  of 
t i t a n i u m  f o r  2 hours and then a d m i t t i n g  gas) .  F i g u r e  7b shows a  s i m i l a r  c y c l e  
except  t h a t  t he  sub l  imator  i s  o p e r a t i n g  con t i nuous l y  (cont inuous mode) w h i  l e  a 
beam o f  deuterons i s  on t a r g e t .  The o p e r a t i n g  c h a r a c t e r i s t i c s  shown were ob- 
t a i n e d  f o r  severa l  sub l ima t i on  r a t e s  o f  0.075, 0.10 and 0.5 grams/hour w h i l e  
o p e r a t i n g  a t  120 k i l o v o l t s  and 0.5 m i l l i ampe res .  
Ta rqe t  Released T r i t i u m  
Most o f  t he  t r i t i u m  re leased  f rom the  t a r g e t  i s  b u r i e d  i n  t he  w a l l s  o f  
t h e  sub l ima to r  as t i t a n i u m  t r i t i d e  and u n l i k e  an i on  pump t h e r e  i s  no problem 
w i t h  deso rp t i on  o f  t h e  t r i t i u m  f rom the  water -coo led pumping sur faces .  
The sub l ima to r  chamber a c t s  as an a c t i v e  gas t r a p  and should  extend cons id -  
e r a b l y  t he  l i f e  o f  t he  1 1  l i t e r / s e c o n d  i on  pump. However, i t  can be expected 
t h a t  i n  t ime  cont inuous pumping o f  t r i t i u m  and deuter ium w i l l  reduce i t s  pump- 
i n g  speed. I f  t h e  i on  pump should  become sa tu ra ted ,  i t  i s  a  s imp le  ma t t e r  t o  
remove t h e  magnet and clamp two hea te rs  t o  t h e  s i des  and bake oul t  t he  ion  pump 
i n t o  t h e  o p e r a t i n g  sub l ima to r .  T h i s  v i r t u a l l y  e l i m i n a t e s  t he  problem o f  i on  
pump replacement and does away w i t h  t he  need f o r  e x t e r n a l  pumping (which means 
f u r t h e r  r r i  t i um  con tamina t ion ) .  
Sub1 imato r  Opera t inq  Elode and L i f e t i m e  
The sub l ima to r  chamber i s  a  c y l i n d e r  approx imate ly  35 cm i n  l eng th  by  35 cm 
2 i n  d iameter  w i t h  a  su r f ace  o f  about 4,000 cm a v a i l a b l e  f o r  s u b l i m a t i o n .  A t  a 
s u b l i m a t i o n  r a t e  o f  0.5 grams/hour a pumping speed i n  excess o f  10,000 l i t e r s /  
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second i s  a v a i l a b l e  a t  10 t o r r .  
A f t e r  t h e  p resen t  vacuum system was p laced  i n  o p e r a t i o n  a  smal l  a i r  l eak  
was d iscovered  i n  t h e  a c c e l e r a t i o n  s e c t i o n .  A f t e r  severa l  f r u i t l e s s  a t tempts  
t o  sea l  i t  and because we c o u l d  m a i n t a i n  a  reasonable vacuum w i t h  the  leak, i t  
was decided t o  complete t h e  t e s t i n g .  The r e s u l t s  presented i n  f i g u r e  6 and 7 
were ob ta i ned  w i t h  t he  leak  p resen t .  
A t  a  sub l ima t i on  r a t e  o f  0.075 grams/hour we d e p o s i t  about 2 . 6  x  10 1 / 
3 atoms o f  t i t an ium/second .  The i on  source r e q u i r e s  5  atm-cm /hr, o r  about 
16 7.4 x  10 atoms/second. I f  we assume T iD  i s  formed then ou r  l e a k  must be 1 
3 3 o f  t h e  o r d e r  o f  17 atm-cm /h r .  Based on a  leak  r a t e  o f  17 atm-cm /Rr a  t i t a n i u m  
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sphere shou ld  l a s t  f o r  over  450 hours o f  a c c e l e r a t o r  o p e r a t i o n  a t  120 k i l o -  
v o l t s  and 0.5 m i l l i ampe res  be fo re  replacement i s  r equ i r ed .  I f  we cons ider  
3 a leak  r a t e  o f  5 atm-cm /h r  which i s  what may be expected under normal o p e r a t i n g  
cond i t i ons ,  t h e  t i t a n i u m  sphere should  l a s t  f o r  over  1,000 hours .  The sub l ima to r  
need o n l y  be run  d u r i n g  t he  h i g h  gas loads. When t he  machine i s  o f f  b u t  under 
vacuum the  1 1  l i t e r / s e c o n d  i o n  pump i s  s u f f i c i e n t  t o  m a i n t a i n  system pressure .  
CONCLUS l ON 
We have demonstrated t h a t  a  smal l  inexpens ive commerc ia l ly  a v a i l a b l e  
b u l k  sub l ima to r  can be ve ry  e a s i l y  adapted t o  neu t ron  genera to r  o p e r a t i o n .  We 
have shown t h a t  the  sub1 imator  chamber can serve  as t he  vacuum m a n i f o l d  and 
t h a t  passage o f  a  beam o f  deuterons t h r u  t he  sub l ima to r  chamber d u r i n g  sublirna- 
t i o n  does n o t  i n t e r f e r e  w i t h  genera to r  ope ra t i on .  The a d d i t i o n  o f  a smal l  water -  
coo led  i on  pump completes t he  system and compliments t he  o p e r a t i o n  o f  t he  s u b i i -  
mator .  The combined pumping system has t h e  c a p a c i t y  t o  pump l a r g e  q u a n t i t i e s  
o f  deuter ium and t r i t i u m ,  which a r e  b u r i e d  i n  t he  w a l l s  o f  t h e  sub l ima t i on  cham- 
b e r .  The s u b l i m a t o r / i o n  system e l i m i n a t e s  i n i t i a l  pumpdown problems wh ich  a re  
a  common occurrence as t he  conven t iona l  g e t t e r - i o n  pump ages, and a l s o  a l  lows 
t h e  ope ra to r  a  wide cho i ce  o f  o p e r a t i n g  p ressures .  The advantages o f  a  v a r i a b l e  
pump c a p a c i t y  can be seen c l e a r l y  i n  t h e  p resen t  t e s t s .  I f  i t  were n o t  f o r  the 
c a p a c i t y  o f  t he  sub l ima to r  we c o u l d  n o t  have run  t h e  a c c e l e r a t o r  under an a i r  
l eak  c o n d i t i o n .  
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